A strain of Achromobacter iophagus isolated from cured hides was shown to lyse collagen rapidly under aerobic conditions. Changes of temperature, pH, NaCl or collagen concentration affected either the maximum rate of collagen lysis or the lag before this rate was attained, or both. Collagenolytic activity occurred in 0.85 to 1 0 % (w/v) NaCI. Collagenolytic activity by hide bacteria is regarded as the cause of leather decay and thus a knowledge of the conditions under which these bacteria can degrade collagen is important to the hide and skin industry. The present study of a vigorously collagenolytic hide bacterium aimed to determine the optimal conditions for collagenolytic activity with a view to purification of the collagenase.
I N T R O D U C T I O N
Anaerobic collagenolytic activity by bacteria has been demonstrated in four Clostridium spp., three Bacterioides spp. and one strain of Staphylococcus aureus (Waldvogel & Swartz, I 969). Exhaustive studies have been made of the collagenase from Clostridium histolyticum (Kono, 1968 ; Schaub & Strauch, 1968) . Recently, aerobic collagenolytic activity was demonstrated in two strains of Pseudomonas, three of Bacillus and eight of Achromobacter (Adamcic & Clark, 1970 ; . There are no reported investigations of the aerobically produced collagenases.
Collagenolytic activity by hide bacteria is regarded as the cause of leather decay and thus a knowledge of the conditions under which these bacteria can degrade collagen is important to the hide and skin industry. The present study of a vigorously collagenolytic hide bacterium aimed to determine the optimal conditions for collagenolytic activity with a view to purification of the collagenase.
M E T H O D S
All percentage compositions are wiv and all nutrients are Difco (Detroit, Michigan, U.S.A.) unless stated otherwise.
Source and identification. The bacterium was isolated from a batch of South African cured hides whose bacterial population possessed a high collagenolytic activity (Woods, Welton, Thomson & Cooper, 1972 Collagenolytic activity assays. Collagenolytic activity was measured by determining released amino acids, expressed as pmoles glycine/ml, by the method of Adamcic & Clark (I 970). Collagen reaction mixtures consisted of a suspension of bovine Achilles tendon collagen (Boehringer, Mannheim, Germany) in 6 ml of tris-HC1 or tris-maleate buffer containing NaCl and 0.002 M-CaCI,, at concentrations of 0.2, 0.5, 1.5, 3.5 and 5.5 mg/ml with NaCl concentrations of 0.85, 2.34, 4.0, 7.0, 10.0 and 13-0o;O. Tris-maleate buffer was used to achieve pH values of 6.0 to 7-6 while tris-HCI was used for values of 7-2 to 9.2. The final concentration of tris in all buffers was 0.1 M. From an overnight plate culture of the bacterium a buffered, washed suspension containing approximately I o9 bacteria/ml was prepared. Samples (0.2 ml) of this suspension were added to reaction mixtures and incubated aerobically at 15, 20, 25, 30 and 35 "C. Experimental controls comprized collagen suspensions alone and bacteria in buffer without collagen. All reaction mixtures and controls were duplicated and two assays were made from each at the various times.
R E S U L T S lden t $cat ion
The characteristics of the bacterium are shown in Table I (identified as Achrornobacter iophagus).
Collagenolytic activity Control values shown in Fig. I to 4 highest maximum rate of collagen lysis and the shortest lag period before this rate was attained. As the temperature was reduced the maximum rate of lysis decreased and the lag period increased. Even at 15 "C, however, a rapid rate of collagen breakdown was reached within approximately 6 days. Eflect of NaCl concentration. These results are presented in Fig. 2 . Collagenolytic activity occurred between 0.85 yo and 10.0 9 A NaCl but was inhibited by I 3-0 9 NaCl. The maximum rate of collagen degradation occurred at 2.3406 NaCl and the least lag occurred at 2-34?; NaCl. At NaCl concentrations above 2-34?; the maximum rate decreased and the lag period increased. The collagenolytic activities at 0.85 O 0 and 4-00 0 , , NaCl were not significantly different. Eflect of p H . Fig. 3 shows the effect of pH over the range pH 6.0 to 9.2. N o significant differences were discerned in the overall data for pH 7-2, 7-6 and 8.0, at which values the maximum rate of collagen breakdown was highest and the lag period was shortest. With increasing deviation from pH 7-2 to 8.0 the maximum rate of collagen lysis decreased and the lag period increased. Reaction mixtures, incubated at 30 "C, contained 2'34 7; NaCl and were adjusted to pH 7.6.
A-A, 0 . 2 mg/ml; 0-0, 0.5 mgiml; m-m, 1-5 mg/ml; A-A, 3 3 mg,'ml; 0 -0 , 5.5 mg,ml; @-a, control. For methods see Fig. I and text.
Efect of collagen concentration. Activity at different collagen concentrations is shown in Fig. 4 . Collagenolytic activity increased as the collagen concentration was raised from 0.2 to 5 * 5 mg/ml.
DISCUSSION
Achroniobacter spp. isolated from hides are among the few bacteria which produce collagenase aerobically (Thomson et a/. 1972) . Under optimal conditions the present strain of Achronzohucter iophagus exhibited an extremely rapid aerobic degradation of collagen with a short lag period. Deviation from optimal conditions resulted in either an increased lag or a reduced activity or both. When only one parameter was varied the bacterium was collagenolytic at 15 to 35 "C at 0.85 to IO.O:/, NaCl and at least pH 6.4 to 8.8. The activity increased with collagen concentration over the range studied. It is therefore feasible that this strain could be responsible for significant decay in a hide poorly cured or subjected to an extended period of delayed curing (Cooper, Galloway & Woods, 1972) .
